Method for the Production of Dinof lagellate Cultures 



Technica l Field 

This invention relates to a method for obtaining high- 
purity isolates and cultures of dinof lagellates and to 
isolates and cultures obtainable by said method, to a method 
of isolating natural products produced by dinof lagellates and 
to natural products obtainable by said method, and to a 
method for identifying the causative dinof lagellate 
responsible for red tides. 
Background of the I nvention 

The dinoflagellates are important microscopic members of 
the planktonic community. There are believed to be over 
2000 living species, including those of the genus 
Gymnodinium, Karenia, Prorocentrum, Alexandrium, 
Symbiodinium, Crypthecodinium, Noctiluca, Gonyaulax, 
Protoperidinium, Gyrodinium, Amphidinium and Scrippsiella. 
Primarily, though not exclusively, they are marine plankton. 
Non-photosynthetic dinoflagellates feed on diatoms or other 
protists. Many are photosynthetic and are important primary 
producers in coastal waters. Some are symbiotic, living in 
the cells of their hosts, such as corals and sea anemones. 

Dinoflagellates are of importance for several reasons. 
First, they are known to produce a wide spectrum of bioactive 
natural products, including neurotoxins, some of which can 
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act on humans (e.g. paralytic shellfish poisoning, the worst 
cases of which result in respiratory failure and death within 
12 hours, ciguatera poisoning and diarrhetic shellfish 
poisoning) . Some of these toxins are channel modulators 
(e.g. saxitoxins and maitotoxins) that are currently used in 
research on areas such as ion channel mechanisms. 
Furthermore, many have potentially useful pharmacological 
activity, e.g. the carbenolides and amphidinolides which show 
very promising anti-tumor properties. 

Second, some dinof lagellates (e.g. species of the genus 
Crypthecodinium) produce large quantities of omega-3 fatty 
acids, particularly docosahexaenoic acid (DHA) . These 
polyunsaturated fatty acids are known to be beneficial in 
reducing the incidence of coronary heart disease and are 
therefore included in a variety of health products. DHA is 
also used in infant formulas due to its high incidence in 
human milk and its implication in brain development. 

Third, dinoflagellates are mainly responsible for the 
so-called red tides that occur in many seas worldwide. These 
red tides are caused by a massive multiplication (or "bloom") 
of dinoflagellates, usually in warm saltwater. The precise 
cause of these red tides is not known, although some experts 
believe that high temperatures combined with a lack of wind 
and rainfall are usually the catalysts for these blooms. 
These red tides can have major economic and health 



implications. The large quantities of toxins that are 
produced by the dinof lagellates in these red tides can not 
only kill a large range of marine species but they can also 
be accumulated in high concentrations in shellfish which are 
immune to the toxins and can result in severe digestive 
complaints, respiratory problems and even death in humans 
that eat these shellfish. 

Because of their importance, it is desirable to produce 
live pure isolates and cultures of dinof lagellates, both to 
study them (to better understand red tides, for example), and 
to cultivate them to screen for bioactive natural products 
and to produce large quantities of high purity omega-3 fatty 
acids such as DHA. Unfortunately, until now it has been very 
difficult to generate such live pure isolates. This is due 
to the slow growth rate of dinof lagellates relative to other 
unwanted species of phytoplankton and to the inability of 
many dinof lagellates to grow in artificial media. The 
conventional method involves the isolation of individual 
cell(s) of the desired dinof lagellate from environmental 
samples. The pre-cultures are then incubated, either in 
seawater or other nutrient enrichments. However, as seawater 
and nutrient enrichments are not selective to 
dinof lagellates, other groups of faster-growing contaminating 
phytoplankton usually dominate or completely overtake the 
pre-cultures. Using such standard techniques, it typically 



takes a minimum of six months to scale up from a single- cell 
isolate to a 10 litre culture of the desired dinof lagellate . 
The success rate of making cultures from a single-cell 
isolate is typically of the order of 20%. Clearly, an 
5 improved method for the production of live pure isolates and 
cultures of dinof lagellates is highly desirable. 

Leucaena leucocephala is a tropical and subtropical 
legume widely used in agroforestry systems throughout the 
world. It has been hailed as the perfect tree as it can 
10 serve many purposes, as foliage for livestock, as fuel wood 
or as green manure (1) . Introduction of Leucaena outside its 
indigenous range has often led to acute and chronic toxicosis 
in animals (14) . The agents of toxicity are the 
allelochemicals mimosine (a-amino-3-hydroxy-4-oxo-l-pyridine 
15 propanoic acid) , a non-protein amino acid, and its main 
degradative product 3,4 -dihydroxypyridine (DHP) (2). The 
concentrations of mimosine in air-dried Leucaena leaves were 
found to be in the range of 2.5-5.75% (2) and can be easily 
removed by soaking in water for 24 h (2) . Soil extracts from 
20 . Leucaena plantation also have phytotoxicity to other plants 
(12) . Mimosine and toxic degradative products thereof such 
as DHP are known to be toxic to all eukaryotic cells and most 
bacteria. 
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Summar y of tb + Tnvpntion 

Tests were performed to investigate the use of mimosine 
to control phytoplankton growth. Surprisingly, it was found 
that not only does mimosine fail to inhibit the growth of 
5 dinoflagellates, but on the contrary it actually enhances 
their growth. Therefore, mimosine and toxic degradative 
products thereof can be used to promote the isolation and 
culture of dinoflagellates, enabling dinof lagellate isolates 
and cultures to be produced that are of a much higher purity 
10 than those obtainable using prior art methods. Furthermore, 
this method is considerably quicker than the prior art 
isolation and cultivation techniques. 

The present invention thus relates to a method for the 
production of isolates and cultures of dinoflagellates using 
15 mimosine and toxic degradative products thereof to 

selectively promote the growth of said dinoflagellates 
relative to other unwanted microorganisms. 

The present invention also relates to a method for the 
production of omega- 3 fatty acids such as DHA comprising the 
20 cultivation of one or more dinof lagellate strains using 
mimosine to selectively promote the growth of said 
dinoflagellate strain or strains and then isolating from the 
dinoflagellate culture thus obtained said omega-3 fatty acid. 
The present invention also relates to omega-3 fatty acids 
25 obtainable by said method. 
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The present invention also relates to a method for the 
production of naturally occurring bioactive compounds such as 
saxitoxins and matotoxins produced by dinof lagellates 
comprising the cultivation of one or more dinof lagellate 

5 strains using mimosine to selectively promote the growth of 
said dinoflagellate strain or strains and then isolating from 
the dinoflagellate culture thus obtained said naturally 
occurring bioactive compounds. The present invention also 
relates to naturally occurring bioactive compounds obtainable 

10 by said method. 

p-r-i^f npsr.ripf inn of the Drawings 

Figure 1 shows the effects of mimosine on cell 
proliferation of monocultures of the major phytoplankton 
15 groups Heterocapsa triguetra (Dinophyceae) , Cylindrotheca 
fusiformis (Bacillariophyceae) , Isochrysis galbana 
(Prymnesiophyceae) and Rhodomonas salina (Crytophyceae) ; and 

Figure 2 shows the effects of mimosine on mixed 
phytoplankton in natural seawater samples. 

20 

npfailPri Des n H pi-ion of the Invention 

Mimosine, the allelochemical from the tree-legume 
Leucaena, is toxic to most terrestrial animals and plants. We 
have found that while mimosine inhibits major phytoplankton 
25 groups, it enhances cell proliferation in dinof lagellates . 



On addition to coastal seawater samples, mimosine is able to 
confer growth advantage to the dinof lagellates . The use of 
mimosine promotes the isolation and culture of 
dinof lagellates . 
5 Thus, in a first aspect of the invention there is 

provided a method for selectively enhancing the growth of the 
population of a dinof lagellate, said method comprising 
incubating a medium containing at least one dinof lagellate 
cell in the presence of mimosine or a toxic degradative 

10 product thereof. 

The selective enhancement of the dinof lagellate growth 
is believed to be caused both by the toxicity of mimosine and 
toxic degradative products thereof to other major 
phytoplankton species that are contaminating the medium 
15 containing the dinof lagellate and by the positive stimulation 
of dinoflagellate cell proliferation. 

In the present invention, mimosine (oc-amino-3 - hydroxy - 
4 -oxo-1 -pyridine propanoic acid) or a toxic degradative 
product thereof is used to selectively enhance growth of the 
20 population of a dinoflagellate. The "toxic degradative 

product" is a product obtained by the degradation (e.g. by 
metabolism of mimosine or by chemical degradation) that, like 
mimosine itself, is toxic to other organisms in the medium 
containing the dinoflagellate but not to the dinoflagellate 
25 itself. Examples of such a toxic degradative product include 
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3,4-dihydroxypyridine. There is no particular limitation on 
the amount of mimosine or toxic degradative product used. 
Typically, however, selective enhancement of the growth of 
the dinof lagellate species can be obtained by the inclusion 
of mimosine or a toxic degradative product thereof in the 
medium containing said dinof lagellate at a concentration of 
from 0.001 mM to 50 mM. Preferably, the concentration of the 
mimosine or toxic degradative product thereof is from 0.01 mM 
to 20 mM. More preferably it is from 0.1 mM to 10 mM. Most 
preferably, it is from 1 to 5 mM. 

The present invention can be used to selectively enhance 
the growth of any dinof lagellate . Examples of these 
dinoflagellates include those from a genus selected from the 
group consisting of Gymnodinium, Karenia, Prorocentrum, 
Alexandrium, Symbiodinium, Crypthecodinium, Gonyaulax, 
Pro toper idinium, Gyrodinium, Amphidinium and Scrippsiella. 

One embodiment of this aspect of the invention comprises 
selecting one or more dinof lagellate cells from a sample 
(typically with the aid of a microscope and a micropipette) , 
placing said dinof lagellate cell or cells in a growth medium 
containing mimosine or a toxic degradative product thereof, 
incubating the mixture thus obtained until cell 
multiplication of the desired dinof lagellate is evident and, 
if necessary, transferring the enriched culture to fresh 
medium containing mimosine or a toxic degradative product 



thereof and repeating the sub-culturing of said enriched 
culture, until an isolate or culture of the required purity 
of the desired dinof lagellate is obtained. Usually, several 
rounds of sub-culturing in fresh medium are necessary to 
obtain high purity isolates and cultures. 

The growth medium used in the present invention is any 
growth medium suitable for the cultivation of the desired 
dinof lagellate. Suitable growth media are well known to 
those in the art, e.g. the f/2 medium developed by Guilard 
and Ryther (20). Preferably, each sub-culturing round (i.e. 
the time taken from the transfer of the dinof lagellate to 
fresh medium to the point where cell multiplication of the 
desired dinof lagellate in the fresh medium is evident) is 
from 3 to 10 days, and more preferably it is from 4 to 7 
days. The effects of the mimosine typically last for 
approximately 10 to 12 days, after which other the population 
of other phytoplankton groups starts to recover, hence the 
need to transfer the enriched culture to fresh medium once 
cell multiplication of the desired dinof lagellate is evident. 
Typically, the time needed to obtain a pure isolate or 
culture of the desired dinof lagellate using the method of the 
present invention is from 2 to 4 weeks, which is considerably 
faster than the 6 months that it takes using the prior art 
techniques . 



Another embodiment of this aspect of the present 
invention comprises adding mimosine or a toxic degradation 
product thereof to a natural aquatic sample comprising one or 
more dinof lagellate cells, incubating the mixture thus 
obtained until cell multiplication of the desired 
dinof lagellate is evident, and isolating therefrom one or 
more cells of the desired dinof lagellate . In the present 
invention a "natural aquatic sample" is a sample obtained 
from a natural aquatic environment such as a sea, estuary, 
lake or river. Using this embodiment, it is thus possible to 
isolate known or novel dinof lagellates from natural aquatic 
samples, something that has been extremely difficult before 
because of the slow growth rate of dinof lagellates compared . 
to other aquatic organisms. It is possible to obtain a high 
purity isolate or culture from the one or more cells of the 
dinoflagellate obtained by this method, by transferring said 
one or more cells to a growth medium containing mimosine or a 
toxic degradative product thereof, incubating the mixture 
thus obtained until cell multiplication of the desired 
dinoflagellate is evident and, if necessary, transferring the 
enriched culture to fresh medium containing mimosine or a 
toxic degradative product thereof and repeating the sub- 
culturing of said enriched culture, until an isolate or 
culture of the required purity of the desired dinoflagellate 
is obtained. Using this method, it has already been possible 
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to isolate species of the genus Gymnodinium, Karenia, 
Prorocentrum, Pro toper idinium, Alexandrium and Symbiodinium. 

A further embodiment of the present comprises an isolate 
or culture of a dinof lagellate obtainable by a method of the 
first aspect of the present invention. 

As already mentioned, dinof lagellates are important from 
an environmental and health perspective and also because they 
produce important bioactive products which have useful- 
pharmacological activity and are utilized in research in 
areas such as ion channel mechanisms. Furthermore, some 
species of dinof lagellate produce polyunsaturated fatty acids 
such as omega- 3 fatty acids (e.g. docosahexanoic acid) that 
are used in health products and infant formulas. The use of 
mimosine and toxic degradative products thereof to 
selectively enhance the growth of dinof lagellates gives 
access to high purity dinof lagellate cultures and isolates 
considerably more quickly and easily than has been achievable 
previously, and this can be utilized to isolate these 
bioactive compounds and unsaturated fatty acids in a more 
effective and efficient manner than has previously been 
possible . 

Thus, in a further aspect of the invention there is 
provided a method for the isolation of a chemical compound 
produced by a dinof lagellate comprising selectively enhancing 
the growth of the population of said dinof lagellate by 
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incubating a medium containing at least one cell of said 
dinoflagellate in the presence of mimosine or a toxic 
degradative product thereof, and isolating from the medium 
containing the dinoflagellate population thus obtained the 
desired chemical compound. 

One embodiment of this second aspect of the invention is 
a method for the isolation of a chemical compound produced by 
a dinoflagellate, said method comprising selecting one or 
more dinoflagellate cells from a sample (typically with the 
aid of a microscope and a micropipette) , placing said 
dinoflagellate cell or cells in a growth medium containing 
mimosine or a toxic degradative product thereof, incubating 
the mixture thus obtained until cell multiplication of the 
desired dinoflagellate is evident and, if necessary, 
transferring the enriched culture to fresh medium containing 
mimosine or a toxic degradative product thereof, repeating 
the sub-culturing of said enriched culture, until a culture 
of the desired dinoflagellate of suitable purity is obtained, 
and isolating from said culture of the desired dinoflagellate 
thus obtained the desired chemical compound. 

Another embodiment of this aspect of this second aspect 
of the present invention comprises adding mimosine or a toxic 
degradation product thereof to a natural aquatic sample 
comprising one or more dinoflagellate cells, incubating the 
mixture thus obtained until cell multiplication of the 
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desired dinof lagellate is evident and, if necessary, 
transferring the enriched culture thus obtained to fresh 
medium containing mimosine or a toxic degradative product 
thereof, repeating sub-culturing of said enriched culture, 
5 until a culture of the required purity of the desired 
dinof lagellate, and isolating from said culture of the 
desired dinof lagellate thus obtained the desired chemical 
compound . 

In these two embodiments, the culture of "suitable 
10 purity" is one in which the percentage of the microorganisms 
present in the culture that are dinof lagellates is such that 
the desired chemical compound is produced in an amount that 
is sufficiently high to enable isolation thereof from the 
culture . 

15 The chemical compound of interested can be isolated from 

the dinoflagellate culture by any technique conventionally 
used for this purpose. For example, one typical method for 
the isolation of the desired compound involves 1) filtration 
of the culture medium to remove any insolubles including the 

20 dinoflagellate biomass, 2) addition of water and an organic 
solvent immiscible with water such as benzene, diethyl ether, 
ethyl acetate or the like, to the aqueous mixture thus 
obtained, 3) extraction of the desired compound from the 
resulting mixture, 4) washing of the organic layer with 

25 water, 5) drying the organic layer over a desiccant such as 
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anhydrous magnesium sulfate or the like, and 6) removal of 
the organic solvent. The desired compound thus obtained, if 
necessary, can be further purified by a conventional 
technique such as recrystallization, reprecipitation, silica 
gel column chromatography or high pressure liquid 

chromatography . 

The method of this second aspect of the present 
invention can be used to isolate both known and novel 
chemical compounds produced by dinof lagellates . Bioactive 
compounds having useful properties can be isolated and 
purified relatively quickly and efficiently using the method 
of the present invention. Channel modulators (e.g. 
saxitoxins and maitotoxins) and protein phosphatase 
inhibitors (e.g. okadaic acid) that are currently used in 
research on ion channel mechanisms and tumor growth 
respectively can be isolated using this method. Many of the 
bioactive compounds that can be isolated from dinof lagellates 
using the method of the present invention have potentially 
useful pharmacological activity, e.g. the carbenolides such 
) as carbenolide-I and amphidinolides such as amphidinolide A 
and amphidinolide B, which show very promising anti-tumor 
properties. Some dinof lagellates produce polyunsaturated 
fatty acids having useful properties, e.g species of the 
genus Crypthecodinium such as Crypthecodinivm cohnii produce 
5 large quantities of omega-3 fatty acids, particularly 



docosahexaenoic acid (DHA) , which are used in health products 
and infant formulas. The method of the present invention 
enables unsaturated fatty acids to be produced quickly and 
easily in large quantities. 

A further embodiment of the present invention comprises 
a chemical compound produced by a dinof lagellate and 
obtainable by the method of the second aspect of the 
invention. 

As explained earlier, dinof lagellates are mainly 
responsible for the so-called red tides that occur in many 
seas worldwide. These red tides can have major economic and 
health implications. Until now, it has been extremely 
difficult to manage red tides because it has been so 
difficult to isolate and identify the causative agent. The 
method of producing an isolate or culture of a dinof lagellate 
of the present invention is much quicker than prior art 
techniques, thus enabling much earlier identification of the 
causative agent of a red tide when it occurs and hence it may 
be easier to manage the problem as a result. 

Thus, a third aspect of the present invention comprises 
a method for identifying the dinof lagellate responsible for a 
red tide comprising adding mimosine or a toxic degradation 
product thereof to a sample obtained from said red tide 
comprising one or more dinof lagellate cells, incubating the 
mixture thus obtained until cell multiplication of the 



16 

dinoflagellate is evident and, if necessary, transferring the 
enriched culture thus obtained to fresh medium containing 
mimosine or a toxic degradative product thereof and repeating 
sub-culturing of said enriched culture, until a culture of 
sufficient purity to identify the dinoflagellate causing the 

red tide is obtained. 

The present invention may be further understood by 
consideration of the following examples. 

Evample l; Th P Effec t * qJ Mimosine on Cell Proliferation of 
Mnnnmiltnrftfl of M* jnr Phytonl ankton Groups 

The effects of mimosine at low mM concentrations on pure 
cultures of four different groups of phytoplankton were 
tested. The phytoplankton tested were the Cryptophyceae 
Rhodomonas salina (CCMP1319) , the Prymnesiophyceae Isochrysis 
galbana (CCMP1323) , the Bacillariophyceae Cylindricus 
fusiformis (PCC100) and the dinoflagellate Heterocapsa 
triquetra (CCMP449) . Cultures of phytoplankters were 
obtained from Bigelow Laboratory for Ocean Sciences (CCMP) or 
the Plymouth Culture Collection (PCC) . The cultures were 
maintained in f/2 medium at 18 °C, under photon flux of 50 
mol' m" 2 s _1 from fluorescent tubes (Phillips daylight) under 
a 14:10 hours light/dark cycle. For cell proliferation 
assays, exponentially growing cells were diluted ten times 
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with fresh medium before the addition of mimosine to give 
cultures having a final mimosine concentration of 0.01, 0.1 
and 1 mM. All chemicals were from Sigma Corporation unless 
otherwise stated. All growth studies were performed in 
triplicate. Cell counting was performed by Coulter counter 
and all samples were counted at least three times. 

In 0.01 and 0 . 1 mM mimosine, slightly lower numbers of 
cells, though not significantly so, were observed for R. 
salina, I. galbana and diatom C. fusiformis (see Figures la- 
c) when compared to the cell number in the control treatments 
in which no mimsine was added over the course of the 
experiment (8 days) . At 1 mM mimosine, no cell number 
increase was observed for I. galbana. For C. fusiformis and 
R. salina, the mean cell numbers in 1 mM mimosine were 
significantly lower (25% and 75%) than those in the controls 
for these two phytoplnaktons . In the dinof lagellate 
Heterocapsa triguetra (CCMP449) , however, not only did 
mimosine (1 mM) fail to have negative effects on cell 
proliferation, it surprisingly increased the cell number 
significantly when compared to the control treatment (see 
Figureld) . 



Temple 2- ThP Efforts of M. i ninsine on Mixed Pbytopl ankton in 
Natural Seawater Samples 
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The differential effects of mimosine on monocultures of 
phytoplankton groups suggests that it may have selective 
effects in mixed populations. Whether mimosine can confer an 
advantage in the phytoplankton community by adding mimosine 

5 directly to natural seawater samples was therefore tested. 
Natural seawater samples were collected from Port Shelter 
(eastern Hong Kong) and filtered through a 100 um mesh to 
remove all zooplankton immediately before use. Mimosine was 
then added at 2 mM and samples were taken for estimation of 
10 the percentage of dinof lagellates and diatoms. The samples 
were then incubated under the same conditions as in Example 
1. Within 6 days, dinof lagellates became the dominant group. 
The dinoflagellate population increased from 30% to 60% of 
the total population (Fig. 2) . The diatoms, which were the 

15 dominant group in the control, decreased to 10% of the total 
population in 6 days (at the time of measurement) upon 
treatment with mimosine. 
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